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(54) A fuel injection control system for a diesel engine 

(57) In a direct injection diesel engine (1) in which 
fuel to be sprayed during a primary injection is split and 
sprayed at a plurality of timings at a point of time near 
top dead center of a compression stroke of a cylinder, a 
judger (35b) judges that a completion timing of the pri- 
mary injection is later than a point of time corresponding 
to 35° after top dead center of a compression stroke 
when the primary injection is split while an engine is 
operated. Upon such a judgment, a split number of the 
primary injection and an injection intermission interval 
are reduced by a corrector (35c) to advance the injec- 
tion completion timing. Further, an amount of fuel to be 
sprayed during the primary injection is reduced for cor- 
rection, and a part of the fuel is preliminarily sprayed 
during the second half of the compression stroke of the 
cylinder by an auxiliary injection controller (35c) so as to 
respond to such a correction. Even in such an operating 
condition to require a larger amount of fuel to be 
sprayed, deterioration of fuel consumption and an 
increase of emissions can be prevented by hindering 
retardation of the injection completion timing later than 
the point of time corresponding to 35° after top dead 
center of the compression stroke. 
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Description 

[0001] This invention relates a fuel injection control 
system for a diesel engine for causing fuel to be sprayed 
into a combustion chamber of a cylinder of the engine a 5 
plurality of times at least at a point of time near top dead 
center of a compression stroke of the cylinder. 
[0002] A known fuel injection control system of this 
type is adapted to spray fuel during an intake stroke and 
at a point of time near top dead center of a compression w 
stroke as disclosed, for example, in Japanese Unexam- 
ined Patent Publication No. 9-158810. In this control 
system, a part of the fuel is first preliminarily sprayed by 
a fuel injector during the intake stroke of a cylinder and 
sufficiently mixed with an intake air in a combustion 15 
chamber to form a preliminary lean air-fuel mixture, and 
the remaining fuel is sprayed at a point of time near top 
d ad center of the compression stroke of the cylinder to 
cause an autoignttion. In this way, the preliminary lean 
air-fuel mixture is satisfactorily burnt, to reduce an 20 
exhaust of smoke while suppressing production of NOx. 
[0003] In the above prior art diesel engine, produc- 
tion of NOx is further suppressed by retarding a timing 
of the primary injection performed at a point of time near 
top dead center of the compression stroke of the cylin- 25 
der. In addition to this, it has been proposed to split the 
primary injection and perform it twice in order to prevent 
a part of the lean air-fuel mixture from being exhausted 
while being unburnt. By splitting the primary injection, 
the fuel is more fully burnt, so that the diesel engine can 30 
be highly efficiently operated with low emissions of toxic 
exhaust components. 

[0004] However, if the primary injection is retarded 
as in the prior art, the completion timing of the primary 
injection is retarded. Further, if the primary injection is 35 
split and performed a plurality of times, the completion 
timing of the primary injection is retarded by the inter- 
mission intervals between the split injections. Thus, 
under an operating condition where a larger output is 
required for an engine and, accordingly, a larger amount 40 
of fuel needs to be sprayed, most of the fuel sprayed at 
a final stage of the primary injection is exhausted with- 
out being sufficiently burnt, resulting in a poor fuel con- 
sumption and a bad influence on environments due to a 
larger ratio of unburnt gases to burnt gases. 45 
[0005] For example, in a low engine rotation speed 
operating condition of the engine such as an idle oper- 
ating condition, a fuel injection pressure by an injector is 
relatively set low in order to cause a spray of the fuel to 
suitably spread in the combustion chamber. If the so 
engine enters an accelerating state in this condition, a 
fuel injection amount has to be sharply increased 
despite a low fuel injection pressure. This extends a 
valve opening period of the injector as a matter of 
course, with the result that the above problems are likely 55 
to occur. 

[0006] It is an object of the present invention to pro- 
vide a fuel injection control system for a diesel engine 
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which is free from the problems residing in the prior art. 
[0007] According to an aspect of the invention, 
wheth r or not an injection completion timing is later 
than a point of time corresponding to a specified crank 
angle is judged when fuel sprayed during the primary 
injection is split and sprayed at different timings near top 
dead center of a compression stroke of each cylinder. 
There is a corrector for correcting a mode of the fuel 
injection by the split injection controller when the pri- 
mary injection completion timing is judged to be later 
than the point of time corresponding to the specified 
crank angle. 

[0008] At least one of the number of split injections, 
an injection intermission interval and a fuel injection 
pressure may be preferably corrected to advance the 
injection completion timing when the injection comple- 
tion timing is judged to be later. Alternatively, it may be 
preferable to reduce the amount of fuel to be sprayed 
during the primary injection for correction to advance 
the injection completion timing, and perform an auxiliary 
fuel injection separately when the injection completion 
timing is judged to be later. 

[0009] Accordingly, it can be assuredly accom- 
plished to prevent deterioration of fuel consumption and 
increase in emissions resulting from an excessive retar- 
dation of an injection completion timing. 
[0010] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments/examples with reference to 
the accompanied drawings, in which: 

FIG. 1 is a diagram showing a construction of a fuel 
injection control system according to an embodi- 
ment of the invention; 

FIG. 2 is a diagram showing a detailed construction 
of the fuel injection control system; 
FIGS. 3A and 3B are graphs showing exemplary 
temperature dependencies of a NOx absorb- 
ing/purifying performance by a NOx absorbing 
material and of a NOx reducing/purifying perform- 
ance by a catalytic metal; 

FIGS. 4A to 4E are timing charts of different modes 
of a primary injection, wherein FIGS. 4A to 4C show 
one-shot injection, two-split injection and three-split 
injection, and FIGS. 4D and 4E show primary injec- 
tions accompanied by preliminary injections; 
FIG. 5 is a graph showing a CO concentration char- 
acteristic in an exhaust gas when the number of 
fuel injections and an intermission interval between 
the split injections are changed, respectively; 
FIG. 6 is a graph similar to FIG. 5, showing a NOx 
concentration characteristic in the exhaust gas; 
FIG. 7 is a graph similar to FIG. 5, showing a fuel 
consumption characteristic of the engine; 
FIG. 8 is a graph similar to FIG. 5, showing an 
exhaust gas temperature characteristic; 
FIG. 9 is a graph similar to FIG. 5, showing an 
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exhaust gas pressure characteristic; 
FIG. 1 0 is a flowchart showing a basic fuel injection 
amount setting procedure and a NOx emission con- 
trol procedure in a fuel injection control; 
FIG. 11 is a flowchart showing an injection mode 5 
setting procedure in the fuel injection control; 
FIG. 12 is a flowchart showing an injector actuation 
control procedure in the fuel injection control; 
FIG. 13 is a flowchart showing a subroutine "Injec- 
tion Completion Judgment"; io 
FIG. 14 is a flowchart showing a subroutine "Pri- 
mary Injection Completion Calculation"; 
FIGS. 15A to 15C are timing charts showing a pro- 
cedure to advance an injection completion timing 
by correcting an intermission interval and the is 
number of the split primary injections; 
FIGS. 16A to 16D are timing charts showing a pro- 
cedure to perform a reductive correction of a fuel 
injection amount and a preliminary injection after 
the intermission interval and the number of the spirt 20 
primary injections are corrected; and 
FIGS. 17A and 17B are graphs showing an exhaust 
tendency of exhaust toxic components when an 
injection timing is changed in the case that the pre- 
liminary injection is performed at a latter half of a 25 
compression stroke of the cylinder and in the case 
that an additional fuel is sprayed during an expan- 
sion stroke of the cylinder, respectively. 

[0011] Next, Preferred embodiments of the inven- 30 
tion will be described in detail. FIG. 2 shows an entire 
construction of a fuel injection control system A for a 
diesel engine according to an embodiment of the inven- 
tion. Identified by 1 is a multi-cylinder diesel engine 
mounted in a vehicle. The engine 1 is provided with a 35 
plurality of cylinders 2 (only one cylinder is shown), in 
each of which a reciprocally movable piston 3 is fitted to 
define a combustion chamber 4 in each cylinder 2. An 
fuel injector 5 having a valve is provided substantially at 
the center of the upper surface of the combustion cham- 40 
ber 4, such that an injection bore at the leading end 
thereof faces the combustion chamber 4. The fuel injec- 
tor 5 is opened and closed at specified injection timings 
of each cylinder 2 to directly spray fuel into the combus- 
tion chamber 4. 45 
[001 2] The respective fuel injectors 5 are coupled to 
a common rail 6 which is a common pressure accumu- 
lating chamber for storing the fuel in a high-pressure 
state. The common rail 6 is provided with a pressure 
sensor 6a for detecting a fuel pressure (common rail so 
pressure) therein, and a high-pressure supply pump 8 
driven by a crank shaft 7 is connected thereto. The fuel 
pressure in the common rail 6 is held at a specified 
value corresponding to an operating condition of the 
engine 1 by actuating the high-pressure supply pump 8. 55 
Further, a crank angle sensor 9 formed by an electro- 
magnetic pickup for detecting a rotational angle of the 
crank shaft 7 is provided. The crank angle sensor 9 is so 
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provided as to face an outer surface of a detectable 
plate (not shown) provided at an end of the crank shaft 
7, and outputs a pulse signal in synchronism with pas- 
sage of protuberances formed on the outer surface of 
the detectable plate. 

[0013] At one side of the engine 1 , an intake mani- 
fold 10 for supplying an intake air filtered by an unillus- 
trated air cleaner is connected with the combustion 
chambers 4 of the respective cylinders 2, and a down- 
stream end of the intake manifold 10 is branched to be 
individually connected with the respective cylinders via 
an unillustrated surge tank, and the branched passages 
communicate with the combustion chambers 4 of the 
respective cylinders 2 via intake ports. An intake pres- 
sure sensor 10a for detecting a supercharged pressure 
supplied to the respective cylinders 2 is provided in the 
serge tank. An air flow sensor 11 of hot film type for 
detecting a flow rate of the intake air charged into the 
engine 1, a blower 12 for compressing the intake air by 
being driven by a turbine 21 to be described later, an 
intercooler 13 for cooling the intake air compressed by 
the blower 12, and an intake throttle valve 14 are pro- 
vided in this order from an upstream side to a down- 
stream side along the intake manifold 10. The throttle 
valve 14 is made of a butterfly valve formed with a notch 
so that an intake air can flow even in a fully closed state. 
Similar to an EGR valve 24 to be described later, an 
opening of the throttle valve 14 is controlled by adjusting 
a vacuum acting on a diaphragm 15 by an electromag- 
netic valve 1 6 for controlling a vacuum. 
[0014] On the other hand, an exhaust manifold 20 
for discharging an exhaust gas from the combustion 
chambers 4 of the respective cylinders 2 is connected at 
the other side of the engine 1 (right side in FIG. 2). An 
upstream end of the exhaust manifold 20 is branched to 
individually communicate with the combustion cham- 
bers 4 of the respective cylinders 2 via unillustrated 
exhaust ports. An 0 2 sensor 1 7 for detecting an oxygen 
concentration in the exhaust gas is provided at a con- 
verged portion of the exhaust manifold 20. A water tem- 
perature sensor 18 for detecting a temperature of a 
coolant (engine water temperature) is so provided as to 
face a water jacket of the engine 1 . The turbine 21 
rotated by a flow of the exhaust gas and a catalyst 22 for 
purifying toxic components in the exhaust gas are pro- 
vided in this order from an upstream side to a down- 
stream side along the exhaust manifold 20. Though not 
shown in detail, a turbosupercharger 25 comprised of 
the turbine 21 and the blower 12 is a variable geometry 
turbosupercharger which has a plurality of flaps which 
are so arranged as to surround the entire circumference 
of the turbine 21 and adjusts a flow rate of the exhaust 
gas to the turbine 21 by changing a cross section of a 
nozzle by the rotation of the respective flaps. 
[0015] The catalyst 22 includes a cordierite honey- 
comb substrate (carrier member) having a number of 
bores extending in parallel with one another in an axial 
direction (a direction of an exhaust gas flow), and two 
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catalyst layers are formed on the wall surfaces of the 
respective bores. Specifically, the lower catalyst layer 
contains a precious metal such as platinum Pt and bar- 
ium Ba as a NOx absorbing material, and a porous 
material such as alumina or ceria on which Ba and Pt 5 
are supported. On the other hand, the upper catalyst 
layer contains Pt, rhodium Rh, Baand a porous material 
such as zeolite on which the Pt, Rh, Ba are supported. 
[0016] The catalyst 22 is of an absorption/reduction 
type that, on one hand, absorbs NOx when the oxygen w 
concentration of the exhaust gas is high, in other words, 
when an air-fuel ratio in the combustion chamber 4 is 
large and, on the other hand, releases NOx to reduce 
and purify them when the oxygen concentration of the 
exhaust gas becomes lower as a result of combustion of 15 
a stoichiometric or richer air-fuel mixture in the combus- 
tion chamber 4. The NOx absorption/release action by 
Ba depends upon temperatures. For example, as shown 
in FIG. 3A, while the catalyst 22 shows a significantly 
high purification efficiency by the absorption of NOx in 20 
the exhaust gas in a temperature range between about 
250 and 400°C, it sharply lowers the purification effi- 
ciency as decreasing its temperature in a temperature 
range below about 250°C where it remains inactive not 
being sufficiently warmed up. The purification efficiency 25 
increases as the temperature of the catalyst 22 
increases in a temperature range above about 400°C. 
Further, since the catalytic activity of the precious metal 
such as Pt decreases when the temperature of the cat- 
alyst 22 is low, the purification efficiency during the 30 
reduction and purification of the NOx released from Ba 
sharply decreases in a temperature range below 250°C 
as shown in FIG. 3B. 

[0017] The catalyst 22 may contain at least one 
selected from a group of alkaline earth metals other 35 
than Ba, alkaline metals such as sodium (Na) and rare 
earth metals. In the case that the lower catalyst layer 
contains zeolite which may be used as the support 
material, the upper catalyst layer may contain alumina 
or ceria as the support material. The catalyst 22 may be 40 
of a single layer type in which a catalyst layer containing 
ceria and alumina as a support material that is applied 
to wall surfaces of the carrier, and a precious metal such 
as Pt, Rh, or palladium Pd and an alkaline metal such 
as K or an alkaline earth metal such as Ba are sup- 45 
ported on the support material. 

[0018] A converged portion of the exhaust manifold 
20 upstream from the turbine 21 is connected with an 
upstream end of an exhaust gas recirculation (EG R) 
passage 23 through which the exhaust gas is partly so 
recirculated into an intake air stream. A downstream 
end of the EGR passage 23 is connected with the intake 
manifold 10 in a position downstream from the intake 
throttle valve 14, and an exhaust gas recirculation 
(EGR) valve 24 which operates on a vacuum is provided 55 
in an intermediate position of the EGR passage 23 
toward the downstream end to recirculate a part of the 
exhaust gas in the exhaust manifold 20 into the intake 
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manifold 10 while regulating the flow rate thereof. Spe- 
cifically, an opening of the EGR valve 24 is linearly 
adjustabl . A diaphragm 26 for actuating the valve is 
connected with a vacuum pump (vacuum source) 29 by 
a vacuum passage 27, and a vacuum for driving the 
EGR valve 24 is adjusted to open and close the EGR 
valve 24 by actuating an electromagnetic valve 28 pro- 
vided in the vacuum passage 27. 
[0019] Similar to the EGR valve, a diaphragm 30 is 
mounted for the flaps of the turbosupercharger 25. An 
actuated amount of the flap is adjusted by adjusting a 
vacuum acting on the diaphragm 30 by an electromag- 
netic valve 31 for vacuum control. 
[0020] The fuel injectors 5, the high-pressure sup- 
ply pump 8, the intake throttle valve 14, the EGR valve 
24, the flaps of the turbosupercharger 25 and the like 
operate in response to control signals from a control unit 
(engine control unit: hereinafter, "ECU") 35. On the 
other hand, at least an output signal from the pressure 
sensor 6a, an output signal (crank angle signal) from 
the crank angle sensor 9, an output signal from the air 
flow sensor 11 , an output signal from the 0 2 sensor 1 7, 
an output signal from the water temperature sensor 18, 
and an unillustrated signal representing an travel of an 
acceleration pedal upon depression by a driver from an 
acceleration pedal travel sensor 32 are inputted to the 
ECU 35. 

[0021] When the fuel injectors 5 are operated to 
execute a fuel injection control, a fuel injection amount, 
a fuel injection timing and other factors are controlled 
according to an operating condition of the engine 1 , and 
the pressure of the common rail 6, i.e. a fuel injection 
pressure by the operation of the high-pressure supply 
pump 8 is controlled. Further, the recirculation amount 
of the exhaust gas is adjusted by actuating the EGR 
valve 24 to control the air-fuel ratio in the combustion 
chamber 4 of each cylinder 2 according to the operating 
condition of the engine 1. In addition, an intake air 
amount is controlled by actuating the intake throttle 
valve 14, and the operation of the flaps of the turbosu- 
percharger 25 is controlled. 

(Fuel Injection Control) 

[0022] Specifically, a fuel injection amount map for 
defining basic fuel injection amounts Q empirically 
determined according to changes of target torque and 
engine rotation speed of the engine 1 is electronically 
stored in a memory of the ECU 35. A basic fuel injection 
amount Qbase corresponding to an output required by 
the engine 1 is read from the fuel injection amount map 
based on a target torque calculated based on the output 
signal from the acceleration pedal travel sensor 32 and 
the. output signal from the crank angle sensor 9. An 
amount of fuel corresponding to the required output is 
basically sprayed at a point of time near top dead center 
(TDC) of the compression stroke of each cylinder 2 
(hereinafter, "primary injection"), and the engine 1 is 
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operated in a state where the air-fuel ratio in each com- 
bustion chamber 4 is fairly large. 
[0023] An injection mode map for defining an fuel 
injection mode at a point of time near TDC of the com- 
pression stroke of each cylinder 2 according to the tar- 
get torque and the engine rotation speed similar to the 
fuel injection amount map is electronically stored in the 
memory of the ECU 35. An optimal injection mode is 
selected from this map based on the target torque and 
the engine rotation speed of the engine 1. Specifically, 
selection is made as to whether the fuel is sprayed at a 
point of time near TDC of the compression stroke all at 
once (hereinafter, "one-shot injection 0 ) as shown in FIG. 
4A, twice in a split manner (hereinafter, "two-split injec- 
tion") as shown in FIG. 4B or three times in a split man- 
ner (hereinafter, "three-split injection") as shown in FIG. 
4C. In the case of the two-split injection or three -split 
injection, an injection intermission interval At is changed 
to change a state of combustion so as to optimize the 
fuel consumption performance, the exhaust characteris- 
tics and the like of the engine 1 . 

[0024] On the other hand, if a reduction of the NOx 
absorbing performance is expected due to an amount of 
absorbed NOx in the catalyst 22 of the exhaust manifold 
20 increased to or above a specified level (absorption 
excessive state), the air-fuel ratio in the combustion 
chamber 4 is controlled to be approximate to or smaller 
than a theoretical air-fuel ratio mainly by increasing the 
fuel injection amount as described in detail later, and a 
part of the fuel is preliminarily sprayed between an initial 
phase of the intake stroke and a middle phase of the 
compression stroke in addition to the primary injection 
as shown in FIG. 4D, thereby reducing the oxygen con- 
centration in the exhaust gas and increasing a reducing 
agent concentration to sufficiently release NOx from the 
catalyst 22 and reduce and purify them (hereinafter, 
"NOx emission control"). 

[0025] In the fuel injection modes respectively 
shown in FIGS. 4 A to 4D, an actual excitation time 
(valve-opening time) of the fuel injectors is determined 
not only by the fuel injection amount, but also by the 
pressure of the common rail 6 detected by the pressure 
sensor 6a. 

[0026] In this embodiment, attention is paid to the 
fact that the completion timing of the third or final injec- 
tion may be later than a point of time corresponding to 
35° after the TDC of the compression stroke of the cyl- 
inder 2 if an attempt is made to split the primary injec- 
tion as described above. In such a case, the injection 
completion timing is advanced by shortening the injec- 
tion intermission interval At, decreasing the number of 
split injections or preliminarily spraying a part of the fuel 
after a middle phase of the compression stroke of the 
cylinder 2 as shown in FIG. 4E. 

[0027] The state of combustion when the primary 
injection is split is described in detail. If the fuel is 
sprayed by the fuel injector 5 at a point of time near TDC 
of the compression stroke of the cylinder 2, the fuel 
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sprayed through the injection bore of the fuel injector 5 
is sprayed into the combustion chamber 4 while spread- 
ing in a conical form as a whole, and is split into fine oil 
particles by the friction with air (atomization of fuel). The 

5 fuel vaporates from the outer surfaces of the oil particles 
to produce a fuel steam (vaporization of fuel). At this 
time, since the air in the combustion chamber 4 is in a 
state having a considerably high pressure and a high 
viscosity, if a large amount of fuel is sprayed at once as 

io shown in FIG. 4A, the succeeding fuel particles may be 
combined with those of the fuel previously sprayed, 
thereby hindering not only the atomization, but also the 
vaporization of the fuel. 

[0028] On the contrary, if the fuel is split and 

15 sprayed a plurality of times as shown in FIGS. 4B and 
4C, drops of fuel sprayed by opening the valve are less 
likely to come up with those previously sprayed by open- 
ing the valve of the fuel injector 5, thereby substantially 
preventing the atomization of the fuel from being hin- 

20 dered due to the recombination of the fuel drops. Fur- 
ther, the atomization of the fuel can be further promoted 
by increasing the injection pressure of the fuel. This 
enables the fuel to be more uniformly distributed in the 
combustion chamber and further improves an air utiliza- 

25 tion factor. A mixed state of the sprayed fuel and air by 
the split injections also changes depending on various 
parameters including the fuel injection amount, the 
injection timing, the injection rate, the pressure of the 
fuel, the number of split injections and the injection 

30 intermission interval and a mutual relationship of these 
parameters. It is considered that the state of combus- 
tion changes as a result of the above changes and the 
fuel consumption performance and the exhaust gas 
temperature of the engine 1 or the concentration of the 

35 gas components such as CO, HC, Nox of the exhaust 
gas change. 

[0029] Specific experiments were conducted using 
a four-cylinder diesel engine (cubic capacity of about 
2000 cc) similar to the one according to this embodi- 

40 ment. This engine was operated at relatively low engine 
load and low engine rotation speed. By suitably chang- 
ing the injection intermission interval At of the fuel injec- 
tor 5 in a range of 350 to 900 microseconds (usee) in 
the respective cases of one-shot injection, two-split 

45 injection and three-split injection, resulting varying rela- 
tionships between the crank angle at the injection com- 
pletion timing and the CO concentration, NOx 
concentration, fuel consumption rate, exhaust gas tem- 
perature and exhaust gas pressure were measured. 

so Exemplary results of the experiments are shown in 
FIGS. 5 to 9. 

[0030] First, as shown in relation to the CO concen- 
tration in FIG. 5, values at At = 350, 400, 550, 700, 900 
usee, are plotted for the two-split injection, and values at 
55 At = 400, 550, 700, 900 usee, are plotted for the three- 
split injection. According to FIG. 5, the CO concentra- 
tion in the exhaust gas tends to decrease as the injec- 
tion intermission interval At of the fuel injector 5 
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becomes shorter while tending to increase as the injec- 
tion intermission interval At becomes longer, in both 
cases of the two-split injection and the three-split injec- 
tion. Further, unlike the CO concentration, the NOx con- 
centration in the exhaust gas decreases as the injection 
intermission interval At of the fuel injector 5 becomes 
longer as can be seen from FIG. 6. Though not shown, 
the HC concentration in the exhaust gas has the same 
or similar tendency as the CO concentration therein. 
[0031] The fuel consumption rate of the engine 
changed as shown in FIG. 7. The fuel consumption rate 
is better in the two-split injection than in the one-shot 
injection. On the other hand, the fuel consumption rate 
is slightly improved when the injection intermission 
interval At is short, however, it tends to get worse as the 
injection intermission interval At increases. In other 
words, an output torque of the engine is reduced if the 
number of split injections and the injection intermission 
interval At are increased without changing a total fuel 
injection amount. Further, the exhaust gas temperature 
changed as shown in FIG. 8. The exhaust gas tempera- 
tur is higher in the two-split injection than in the one- 
short injection, and even higher in the three-split injec- 
tion than in the two-split injection. Based on this fact, it 
can be thought that the temperature of the catalyst 22 is 
increased to promote refreshing of the catalyst 22 by, for 
example, performing a control to split the primary injec- 
tion prior to the NOx emission control. 
[0032] The exhaust gas pressure changed as 
shown in FIG. 9. This graphs shows that the exhaust 
gas pressure is increased similar to the exhaust gas 
temperature by increasing the number of split injections 
and the injection intermission interval At. Accordingly, if 
the control is performed to split the primary injection 
(primary injection splitting control), for example, during 
the accelerated operating state of the engine, both the 
exhaust gas temperature and the exhaust gas pressure 
increase as can be seen from the above experiment 
results. Such an increase of the exhaust gas energy is 
thought to quickly increase a supercharging pressure of 
the turbosupercharger 25, thereby improving an accel- 
eration performance. 

[0033] Accordingly, in the fuel injection control 
according to this embodiment, if the catalyst 22 is not 
sufficiently warmed up when needing to be refreshed 
due to an excessive NOx absorbed state during the 
operation of the engine 1, the temperature of the cata- 
lyst 22 is quickly increased and the CO and HC concen- 
trations in the exhaust gas are gradually increased by 
performing the primary injection splitting control. Subse- 
quently, the fuel injection amount is increased for cor- 
rection, thereby decreasing the 0 2 concentration in the 
exhaust gas while sufficiently increasing the CO and HC 
concentrations. In this way, the refreshing of the catalyst 
22 is maximally promoted. The primary injection split- 
ting control is also performed during the accelerative 
operating condition of the engine 1 to quickly increase 
the supercharging pressure of the turbosupercharger 



25 by increasing the exhaust gas energy, thereby pro- 
viding an excellent acceleration feeling. 
[0034] Hereinbelow, a specific procedure of the fuel 
injection control is described with reference to flow- 
5 charts shown in FIGS. 10 to 12. It should be noted that 
this control is performed in synchronism with a crank 
angle signal for each cylinder. 

[0035] First, in Step SA1 after the START of the flow 
shown in FIG. 10, data including the crank angle signal, 

10 the air flow sensor output, the 0 2 sensor output, the 
travel of the acceleration pedal, the water temperature 
of the engine are inputted. In Step SA2, the basic fuel 
injection amount Qbase is read from the fuel injection 
amount map and an injection timing ITbase is read from 

15 a map defined in advance based on the target torque 
obtained from the travel of the acceleration pedal and 
the engine rotation speed Ne obtained from the crank 
angle signal. In the injection timing map are stored opti- 
mal injection timings corresponding to a water tempera- 

20 ture Tw of the engine and the engine rotation speed Ne 
which were empirically obtained. For example, an igni- 
tion delay of the spray of fuel differs if the water temper- 
ature Tw of the engine and the engine rotation speed Ne 
differ. Thus, the basic injection timing ITbase is so set 

25 as to correspond to the water temperature Tw and the 
engine rotation speed Ne. 

[0036] Subsequently, in Step SA3, it is judged 
whether the water temperature Tw is lower than a set 
water temperature TwO. This set water temperature TwO 

30 is a water temperature corresponding to the state of the 
catalyst 22 not warmed up yet when the engine 1 is 
started while being cold. If the water temperature Tw is 
lower than the set water temperature TwO (YES in Step 
SA3), a flag Fp representing execution of the primary 

35 injection splitting control to promote the warming-up of 
the catalyst 22 is turned on (Fp=1) in Step SA4, followed 
by Step SB1 of FIG. 11. Specifically, if the catalyst 22 is 
not warmed up yet when the engine 1 is started while it 
is cold, the exhaust gas temperature is increased by 

40 executing the primary injection splitting control to 
increase the temperature of the catalyst 22. On the 
other hand, if Tw > TwO (NO in Step SA3), Step SA5 fol- 
lows upon judgment that the catalyst 22 is already 
warmed up. 

45 [0037] In Step SA5, the NOx absorption amount by 
the catalyst 22 is estimated. This estimation is made, for 
example, based on a product of a running distance of 
the vehicle and a corresponding total fuel injection 
amount. Alternatively, the operating time of the engine 1 

50 and the corresponding total fuel injection amount are 
multiplied, and the obtained product is corrected based 
on the operating condition of the engine 1. The NOx 
absorption amount may be estimated based on this cor- 
rected product. The estimated value of the NOx absorp- 

55 tion amount is cleared after refreshing to be described 
later. 

[0038] In Step SA6 following Step SA5, it is judged 
whether the estimated value of the NOx absorption 
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amount is equal to or largerthan a predetermined value. 
Step SA1 7 follows if the estimated value is smaller than 
the predetermined value, whereas Step SA7 follows 
unless otherwise. After a flag F1 representing a period 
for executing the NOx emission control is turned on in 5 
Step SA7, Step SA8 follows. 

[0039] In Step SA8, the temperature of the catalyst 
22 (catalyst temperature Tc) is estimated. This estima- 
tion may be made, for example, based on a history of 
the water temperature Tw of the engine during a speci- io 
fied period up to the present and the corresponding 
engine rotation speed, vehicle speed or the like. Alter- 
natively, a temperature sensor may be provided in the 
exhaust manifold 20 near the catalyst 22, and the cata- 
lyst temperature Tc may be directly estimated based on is 
an output of this temperature sensor. Subsequently, in 
Step SA9, it is judged whether the estimated catalyst 
t mperature Tc is lower than a first predetermined tem- 
perature Tc1 where NOx removing performance is low 
(for example, 250°C). If the judgment result is affirma- 20 
tive, it means that the catalyst 22 needs to be warmed 
up and the NOx absorption and emission action thereof 
are considerably reduced. Accordingly, this flow pro- 
ceeds to Step SA20 after turning the flag Fp on (Fp=1) 
inStepSAIO. 25 
[0040] More specifically, even if the purifying per- 
formance of the catalyst 22 is thought to decrease due 
to a large NOx absorption amount, refreshing of the cat- 
alyst 22 cannot be sufficiently promoted by releasing 
the NOx if the catalyst 22 needs to be warmed up. Nei- 30 
ther does the catalyst 22 sufficiently reduce nor purify 
the released NOx. Thus, in such a case, the tempera- 
ture of the catalyst 22 is designed to increase by execut- 
ing the primary injection splitting control as described 
later. 35 
[0041] If the judgment result in Step SA9 is nega- 
tive, the flag Fp is cleared in Step SA11. In following 
Step SA12, a first timer value T1 (initial value: 0)for 
measuring a lapse of time of the NOx emission control 
is incremented. Subsequently, in Step SA13, it is judged 40 
whether the first timer value T1 is equal to or larger than 
a predetermined value T10. This threshold value T10 
corresponds to the period of the NOx emission control 
set in advance. Thus, if the judgment result in Step 
SA13 is negative, a fuel increase correction amount Qc 45 
( Qc = R1 ) used to increase the basic fuel injection 
amount Qbase for correction so that the air-fuel ratio in 
the combustion chamber 4 approximates substantially 
to the theoretical air-fuel ratio is determined in Step 
SA1 4. Then, this flow proceeds to Step SA20. so 
[0042] Specifically, the fuel increase correction 
amount Qc is determined by calculating such a fuel 
injection amount as to make the air-fuel ratio approxi- 
mate substantially to the stoichimetric air-fuel ratio in 
relation to, for example, the intake air amount obtained 55 
from the output of the air flow sensor 1 1 . On the other 
hand, if the judgment result in Step SA13 is affirmative, 
the fuel increase correction amount Qc is set at 0 



(Qc= 0) in Step SA15 since the period for the NOx 
emission control has already elapsed. This flow pro- 
ceeds to Step SA20 after clearing the flag F1 ( Fp = 0 ) 
in Step SA16. 

[0043] In other words, if the purifying performance 
of the catalyst 22 is thought to decrease due to the 
increased NOx absorption amount and the catalyst 22 
needs to be warmed up, the catalyst 22 is refreshed by 
releasing the NOx from the catalyst 22 and reducing 
and purifying them by executing the NOx emission con- 
trol. 

[0044] In Step SA17 which follows upon judgment 
that the estimated value of the NOx absorption amount 
is smaller than the predetermined value in Step SA6, 
the state of the flag F1 is judged. If the flag F1 is on 
(F1 = 1 ) (YES in Step SA17), Step SA8 follows since 
the NOx emission control is being executed. On the 
other hand, if the flag F1 is off ( F1 = 0 ) (NO in Step 
SA17), the first timer value T1 is reset (T1 = 0 ) in Step 
SA18 since it is not a period for the NOx emission con- 
trol. This flow proceeds to Step SA20 after clearing the 
flag Fp ( Fp = 0 ) in Step SA19. 

[0045] In Step SA20 following Step SA10, SA14, 
SA1 6 or SA1 9, it is judged whether the engine 1 is in the 
accelerative operating condition. If the accele native 
operating condition of the engine 1 is judged based on 
changes in the travel of the acceleration pedal and the 
engine rotation speed, etc., the flag Fp is turned on 
(F = 1 ) in Step SA21. Unless otherwise, Step SB1 Of 
FIG. 11 follows with the state of the flag Fp left 
unchanged. In this way, in the accelerative operating 
condition of the engine 1 , the exhaust gas pressure is 
increased by executing the primary injection splitting 
control regardless of the state of the catalyst 22 to 
thereby improve the supercharging effect of the turbo- 
supercharger 25. 

[0046] In Step SBl of FIG. 11 following Step SA4, 
SA20 or SA21 , it is first judged whether the flag Fp is on. 
Step SB6 follows if the judgment result is negative, 
whereas Step SB2 follows if it is affirmative. In Step 
SB2, a total fuel injection amount Qt is calculated by 
adding the fuel increase correction amount Qc to the 
basic fuel injection amount Qbase. Unless the flag F1 is 
on, i.e. unless the catalyst 22 is in the excessive NOx 
absorbed state, Qc = 0 . Accordingly, Qt = Qbase . 
Subsequently, in Step SB3, the total fuel injection 
amount Qt is equally divided by three, thereby obtaining 
final first, second and third fuel injection amounts Q1, 
Q2, Q3. 

[0047] Subsequently in Step SB4, first to third fuel 
injection timings IT1 to IT3 are set. Here, the first fuel 
injection timing IT1 is same as the basic fuel injection 
timing ITbase, and the second and third fuel injection 
timings IT2, IT3 are so set as to come after the lapse of 
a set interval At (injection intermission interval) following 
the closing of the fuel injector 5 upon completion of the 
previous injection. This set interval At is in a range of 
about 500 microseconds to about 1 millisecond. Values 
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optimal in view of the fuel consumption performance 
and emission balance are empirically determined 
according to the operating condition of the engine 1 and 
stored in the form of a map. One optimal value is read 
from this map and set as the interval At. At = 700 to 5 
1000 microseconds, for example, during the accelera- 
tive operating condition of the engine 1. 
[0048] Subsequently, a subroutine "Injection Com- 
pletion Judgment" is executed in Step SB5. Though 
described in detail later, it is judged whether the com- io 
pletion timing of the third injection is later than the point 
of time corresponding to 35° after TDC of the compres- 
sion stroke when the primary injection is to be split. If *rt 
is judged to be later, the injection intermission interval At 
between the respective split injections may be short- is 
ened or a preliminary injection amount Qp and a corre- 
sponding injection timing ITp are so set as to 
preliminarily spray a part of the fuel after the middle 
phase of the compression stroke of the cylinder 2 as 
shown in FIG. 4E. After the execution of the subroutine 20 
"Injection Completion Judgment", the fuel injection 
described later is performed in Steps SC1 to SC11 of 
FIG. 12. 

[0049] Specifically, in this flow, the primary injection 
is split into three injections when any one of the follow- 25 
ing three conditions is met: (1 ) the catalyst 22 needs to 
be warmed up when the engine 1 is started while being 
cold; (2) the NOx emission control is to be executed dur- 
ing the operation of the engine 1 and the catalyst 22, 
which is not sufficiently warm, is warmed up before 30 
increasing the fuel injection amount for correction; and 
(3) the engine 1 is in the accelerative operating condi- 
tion. 

[0050] In Step SB6 following the judgment that the 
flag Fp is off in Step SB1, it is judged whether the flag 35 
F1 is on. Step SB11 follows if this judgment result is 
negative (Fl =0), whereas Step SB7 follows if it is 
affirmative ( F1 = 1 ). In Step SB7, the total fuel injection 
amount Qt is calculated by adding the fuel increase cor- 
rection amount Qc to the basic fuel injection amount 40 
Qbase as in Step SB2. In other words, such a total fuel 
injection amount Qp as to make the average air-fuel 
ratio in the combustion chambers 4 of the engine 1 
approximate substantially to the stoichimetric air-fuel 
ratio is calculated. Subsequently, in Step SB8, the injec- 45 
tion amount Qp and the injection timing ITp of the pre- 
liminary injection are set. Specifically, optimal values of 
the preliminary fuel injection amount corresponding to 
the operating conditions of the engine 1 are stored in 
the form of a map, and one optimal value is read as Qp so 
from this map. A ratio of the preliminary fuel injection to 
the primary fuel injection in the amount of fuel is set in a 
range of 8 to 23 %. 

[0051] The fuel injection amount Qp of the prelimi- 
nary injection may be set at the fuel increase corr ction 55 
amount Qc. Then, the calculation for the control can be 
simplified. Further, the preliminary injection is preferably 
performed between the initial phase of the intake stroke 



of the cylinder 2 and the first half of the compression 
stroke of the cylinder 2 as shown in FIG. 4D. In this 
embodiment, the injection timing ITp of the preliminary 
injection is set at a point of time during the first half of 
the intake stroke of the cylinder 2. 
[0052] Subsequently, in Step SB9, a remainder of 
the total fuel injection amount Qt minus the preliminary 
fuel injection amount Qp is equally divided by 3 and set 
at the final first, second and third fuel injection amounts 
Q1, Q2 and Q3. In following Step SB10, the injection 
timings IT1 to IT3 of the first to third fuel injection 
amounts Q1 to Q3 are set as in Step SB4. In this case 
as well, the first injection timing IT1 is the same as the 
basic fuel injection timing ITbase, and the second and 
third fuel injection timings IT2, IT3 are so set as to come 
after the lapse of the set interval At following the closing 
of the fuel injector 5 upon completion of the previous 
injection. The intermission interval At is also set at a 
value within a range of about 500 microseconds to 
about 1 millisecond, and is read from a map similar to 
the one used in Step SB4. Then, this flow proceeds to 
Steps SC1 to SC11 of FIG 12 to spray the fuel as 
described later. 

[0053] Specifically, "rf the flag F1 is on ( F1 = 1 ), i.e. 
the catalyst 22 is warmed up and in the excessively NOx 
absorbed condition, the fuel injection amount is 
increased for correction so that the air-fuel ratio in the 
combustion chamber 4 of the engine 1 is approximate to 
or larger than the stoichimetric air-fuel ratio, and a part 
of the fuel increased in amount is preliminarily sprayed 
in the first half of the intake stroke of the cylinder 2 while 
the respective thirds of the remaining fuel are sprayed at 
three different timings near TDC of the compression 
stroke of the cylinder 2. Since the preliminary injection is 
performed as described above, the primary injection 
completion timing cannot be later than a point of time 
corresponding to 35° after TDC of the compression 
stroke. Therefore, the injection completion judgment as 
in Step SB5 is not necessary in this case. 
[0054] In Step SB11 following the judgment result 
of Step SB6 that the flag F1 is off, it is judged whether 
the basic injection timing ITbase has come based on the 
crank angle signal. This flow waits until the injection tim- 
ing ITbase comes (No in Step SB11) while proceeding 
to Step SB1 2 if it has come (YES in Step SB1 1 ). In Step 
SB12, the fuel of the basic fuel injection amount Qbase 
is sprayed into the combustion chamber 5 all at once by 
the fuel injector 5 and this flow returns. In other words, 
since the fuel is sprayed all at once if the engine is in the 
usual operating condition, reliability can be improved by 
relatively reducing the number of opening and closing 
operations of the fuel injector 5. 

[0055] In Step SC1 of FIG. 12 following Steps SB5, 
SB10 of FIG. 11, it is judged whether the value of the 
preliminary fuel injection amount Qp is equal to 0. This 
flow proceeds to Step SC5 if Qp = 0 (YES in Step SC1 ) 
while proceeding to Step SC2 if Qp * 0 (NO in Step 
SCI). In Step SC2, it is judged whether the preliminary 
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injection timing ITp has come based on the crank angle 
signal. This flow waits until the injection timing ITp 
comes (No in Step SC2) while proceeding to Step SC3 
if it has come (YES in Step SC2). In Step SC3, the pre- 
liminary injection is performed to spray the fuel of the 5 
injection amount Qp into the combustion chamber 4 by 
the fuel injector 5. Step SC5 follows after the preliminary 
injection amount Qp is reset to 0 (Qp <— 0) in Step SC4. 
[0056] In Step SC5, it is judged whether the first 
injection timing IT1 has come based on the crank angle w 
signal. This flow waits until the injection timing IT1 
comes (No in Step SC5) while proceeding to Step SC6 
if it has come (YES in Step SC5). In Step SC6, the first 
primary injection is performed to spray the fuel of the 
injection amount Q1 into the combustion chamber 4 by is 
the fuel injector 5. In following SC7, it is judged whether 
the second injection timing IT2 has come based on the 
crank angle signal. This flow waits until the injection tim- 
ing IT2 comes (No in Step SC7) while proceeding to 
Step SC8 if it has come (YES in Step SC7). In Step 20 
SC8, the second primary injection is performed. 
[0057] Subsequently in Step SC9, it is judged 
whether the value of the third fuel injection amount Q3 
is equal to 0. This flow returns if Q3 = 0 (YES in Step 
SC9) while proceeding to Step SC10 if Q3 * 0 (NO in 25 
Step SC9). In Step SC10, it is then judged whether the 
third injection timing IT3 has come based on the crank 
angle signal. This flow waits until the injection timing IT3 
comes (No in Step SC10) while proceeding to Step 
SC11 if it has come (YES in Step SC10). This flow 30 
returns after the third primary injection is performed in 
Step SC1 1 . 

[0058] Steps SB3, SB4, SB9, SB10 of the flow 
shown in FIG. 11 and the respective Steps of the flow 
shown in FIG. 12 construct a split injection controller 35 
35a for performing the three-split primary fuel injection 
at a point of time near TDC of the compression stroke of 
the cylinder by the fuel injector 5 such that the succeed- 
ing split injection is performed after the injection inter- 
mission interval At following the closing of the fuel 40 
injector 5. 

[0059] By the fuel injection control as described 
above, if the engine 1 is in the usual operating condition, 
the basic fuel injection amount Qbase is sprayed all at 
once from the fuel injector 5 at a point of time near TDC 45 
of the compression stroke of each cylinder 5 as shown 
in FIG. 4A. NOx produced as a result of combustion are 
absorbed by the catalyst 22. If the amount of the 
absorbed NOx is excessive, the NOx emission control is 
executed to release NOx from the catalyst 22 and so 
reduce and purify them. 

[0060] At this time, if the catalyst 22 is in a low-tem- 
perature state corresponding to a state where it needs 
to be warmed up, for exampl , because the engine 1 is 
held in a specified low operating condition for a long 55 
time, the primary injection splitting control is first exe- 
cuted to spray the fuel three times by the fuel injector 5 
at a point of time near TDC of the compression stroke of 



each cylinder. By splitting the primary injection, a mixed 
state of the sprayed fuel and air is significantly 
improved, a heat producing rate by combustion is 
increased due to an improved air utilization factor, and 
the completion timing of the combustion is retarded. As 
a result, the exhaust gas temperature is increased as 
shown in FIG. 8, thereby enabling the temperature of 
the catalyst 22 provided in the exhaust manifold 20 to be 
quickly increased. 

[0061] The NOx emission control is executed after 
the catalyst 22 is warmed up by quickly increasing the 
temperature thereof, and the fuel injection amount from 
the fuel injector 5 is increased for correction so that the 
average air-fuel ratio in the combustion chambers 
approximates substantially to the stoichimetric air-fuel 
ratio. This reduces an 0 2 concentration in the exhaust 
gas and sufficiently increases the concentrations of 
reducing agents such as CO and HC. Thus, NOx can be 
quickly released from the warmed catalyst 22 and suffi- 
ciently reduced and purified. Further, since a part of the 
fuel is preliminarily sprayed in the first half of the intake 
stroke of each cylinder 2 at this time, the spray of the 
fuel will not become excessively concentrated even if 
the fuel injection amount is increased, thereby restrain- 
ing a sharp increase in generation of smoke. In other 
words, the catalyst 22 can be very efficiently refreshed 
by increasing the temperature of the catalyst 22 prior to 
the correction to "increase the fuel injection amount dur- 
ing the NOx emission control. 

[0062] In the fuel injection control according to this 
embodiment, the primary injection splitting control is 
similarly executed during the accele native operating 
condition of the engine 1 to quickly increase the super- 
charging pressure of the turbosupercharger 25 by 
increasing the exhaust gas energy as shown in FIGS. 8 
and 9. As a result, the acceleration performance of the 
engine 1 can be improved. 

(Injection Completion Judgment) 

[0063] Next, a specific procedure of the subroutine 
"Injection Completion Judgment" executed in Step SB5 
of the flow shown in FIG. 11, which is a feature of the 
present invention, is described with reference to FIGS. 
13 to 17. 

[0064] First, in Step SD1 of a flow shown in FIG. 1 3, 
the number of the split primary injections (EM best 
injection number) which provides a best emission per- 
formance of the engine 1 according to the operating 
condition of the engine 1, i.e. according to the engine 
rotation speed and the target torque is read from a map 
storing corresponding values. In this embodiment, the 
number of split injections (hereinafter, "split number") is 
set at 3 as shown in Step SB3 of the flow of FIG. 1 1 . 
Subsequently in Step SD2, the crank angle where the 
primary injection is completed, i.e. an injection comple- 
tion angle (injection completion timing) is calculated 
based on the fuel injection amount of the engine 1, the 
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engine rotation speed, the common rail pressure and 
other parameters in addition to the split number and the 
injection intermission interval At 
[0065] Here, the injection completion angle is calcu- 
lated by a procedure shown in FIG. 14. In Step SE1 , the 5 
fuel injection amount is equally split by 3, and valve 
opening times (basic injection durations) T1 w, T2w and 
T3w of the fuel injector 5 in the respective injection con- 
ditions are calculated based on the common rail pres- 
sure (fuel injection pressure). Subsequently, initial 10 
injection correction times Tli, T2i, T3i corresponding to 
delays of the operation of the fuel injector 5 are calcu- 
lated in Step SE2, the injection intermission interval At 
is read in Step SE3, and a total time Tm required for the 
primary injection is calculated by adding basic injection rs 
times T1w, T2w, T3w, the initial injection correction 
times T1i, T2i, T3i and twice the injection intermission 
interval At. The injection intermission interval At is 
added twice since the one following the last split injec- 
tion is not added. 20 
[0066] Subsequently in Step SE5, the present 
crank angular speed obtained from a signal from the 
crank angle sensor 9, i.e. the rotating speed of the 
engine 1 (engine rotation speed) is read. Simultane- 
ously, a change in this angular speed is detected to esti- 25 
mate the crank angular speed when the fuel injector 5 is 
actually operated. Specifically, since the crank angular 
speed changes due to a slight displacement in a timing 
of the primary injection completion calculation and an 
operating timing of the fuel injector 5, for example, dur- 30 
ing a sharply accelerative operating condition of the 
engine 1 , the crank angular speed used for the calcula- 
tion is corrected to enhance the calculation precision of 
the crank angle where the primary injection is com- 
pleted. A primary injection period (angle) is obtained by 35 
multiplying the primary injection time Tm by the crank 
angular speed in Step SE6, a primary injection comple- 
tion angle is calculated by adding the primary injection 
period (angle) to the primary injection starting angle 
corresponding to the first injection timing IT1 of the pri- 4o 
mary injection, and this subroutine returns. 
[0067] Since the injection completion timing is 
judged based on the fuel injection amount during the 
primary injection, the crank angular speed (engine rota- 
tion speed) and the common rail pressure in this way 45 
the judgment can be very precisely made. 
[0068] Subsequently, in Step SD3 of FIG. 13, it is 
judged whether the injection completion angle is within 
a specified crank angle. This subroutine returns if the 
judgment result is affirmative while proceeding to Step so 
SD4 if it is negative, i.e. the completion timing of the pri- 
mary injection is later than the point of time correspond- 
ing to the specified crank angle. In Step SD4, the 
injection intermission interval At between the respective 
split injections is reduced for correction. The injection ss 
completion angle is calculated again as in Step SD2 
based on the corrected injection intermission interval At 
in Step SD5. In Step SD6 of FIG. 13, it is judged 



whether the injection completion angle is within the 
specified crank angle. This subroutine returns if the 
judgment result is affirmative while proceeding to Step 
SD7 if it is negative, i.e. the completion timing of the pri- 
mary injection is later than the point of time correspond- 
ing to the specified crank angle. 

[0069] In Step SD7, the split number is reduced. 
More specifically, the split number is reduced from 3 to 
2, and a valve-opening period of the fuel injector 5 to 
spray half the amount of fuel sprayed during this pri- 
mary injection is calculated. In this case, the total fuel 
injection amount is different, i.e. is so corrected as to 
obtain the same output torque as the one obtained 
when the three-split injection is performed. Subse- 
quently in Step SD8, the injection completion angle for 
the case of two-split injection is calculated as in Steps 
SD2 and SD5. It is then judged in Step SD9 whether the 
injection completion angle is within the specified crank 
angle. Here, the specified crank angle is such a 
retarded crank angle that the fuel sprayed from the 
injection bore of the fuel injectors at a point of time later 
than the crank angle can be continuously burnt together 
with the previously sprayed fuel. In this embodiment, the 
specified crank angle is set at about 35° after TDC of 
the compression stroke. 

[0070] Specifically, if the injection completion timing 
is judged to be later than the point of time corresponding 
to 35° after TDC of the compression stroke, for exam- 
ple, as shown in FIG. 15A, the judgment is made again 
after reducing the injection intermission interval At for 
correction. If the injection completion timing is still 
judged to be later than the point of time corresponding 
to 35° after TDC of the compression stroke as shown in 
FIG. 1 5B, then the split number is reduced. This subrou- 
tine returns if the above judgment result is affirmative, 
i.e. the injection completion angle is earlier than 35° 
after TDC of the compression stroke as shown in FIG 
15C. 

[0071] Contrary to this, in the case that the fuel 
injection amount has to be sharply increased despite a 
low common rail pressure because the engine 1 is put in 
a sharp accelerative operating condition such as when 
a vehicle is started, the valve opening period of the fuel 
injector 5 is fairly long. As a result, the completion angle 
of the primary injection may be considerably delayed as 
shown in FIG. 16A. In such a case, even if the injection 
intermission interval At is reduced for correction or the 
split number is reduced as described above, the injec- 
tion completion angle cannot be sufficiently advanced 
as shown in FIGS. 16B and 16C. Thus, there is a likeli- 
hood that the state of combustion may be significantly 
deteriorated. In order to avoid such an event, a prelimi- 
nary injection processing is performed in step SD10 if 
the judgment result in St p SD9 is negative. 
[0072] Specifically, in Step SD10, the fuel injection 
amount during the primary injection is reduced for cor- 
rection such that the injection completion angle is 35° 
after TDC of the compression stroke, and a processing 



10 



BNSDOCID: <EP 1 077321 A2_l_> 



' 19 EP1077 

• ft 

is performed to preliminarily spray the fuel during the 
compression stroke of the cylinder in such a manner as 
to correspond to such a correction. In other words, the 
fuel injection amount Qp of the preliminary injection is 
so set as to compensate for a fall in engine output 5 
resulting from the reductive correction of the fuel 
amount sprayed during the primary injection, and the 
preliminary injection timing ITp is set at a point of time 
during the second half of the compression stroke (e.g. 
later than 90° before TDC of the compression stroke w 
and before the start of the primary injection), and is set 
earlier as the preliminary fuel Qp increases. 
[0073] However, generation of smoke may sharply 
increase depending upon the operating condition of the 
engine 1 if the preliminary injection is performed later 15 
than at the point of time corresponding to 30° before 
TDC of the compression stroke as shown in FIG. 17A. 
On the other hand, if the preliminary injection timing is 
too early, a discharge amount of unburnt HC gradually 
increases as the injection timing advances due to adhe- 20 
sion of fuel to the wall surface. The preliminary injection 
timing is preferably set at 90 to 30° before TDC of the 
compression stroke in order to avoid such a deteriora- 
tion of emissions. 

[0074] In response to the reductive correction of the 25 
fuel sprayed during the primary injection, it may be con- 
sidered to spray a larger amount of fuel later than the 
expansion stroke of the cylinder. However, it is not pref- 
erable since there is a tendency to generate more 
smoke due to an incomplete combustion of fuel if fuel is 30 
sprayed later than the point of time corresponding to 35° 
after TDC of the compression stroke after the primary 
injection as shown in FIG. 17B. 

[0075] Steps SD2, SD3, SD5, SD6, SD8 and SD9 
of the flow shown in FIG. 13 construct a judger 35b for 35 
judging that the injection completion timing is later than 
the point of time corresponding to the specified crank 
angle (35° after TDC of the compression stroke). This 
judger 35b makes the above judgment at least based on 
the total fuel injection amount Qt of the primary injec- 40 
tion, the engine rotation speed and the common rail 
pressure. 

[0076] Steps SD4 and SD7 construct a corrector 
35c for correcting the split number of the injection inter- 
mission interval At of the primary injection so as to 45 
advance the injection completion timing when the 
judger 35b judges that the primary injection completion 
timing is later than the point of time corresponding to the 
specified crank angle. Further, Step SD10 constructs 
the corrector 35c and an auxiliary injection controller 50 
35d for causing the preliminary injection to be per- 
formed. 

[0077] Thus, in the fuel injection control system A 
for a diesel ngine according to this embodiment, the 
fuel to be sprayed during the primary injection at a point 55 
of time near TDC of the compression stroke of the cylin- 
der is split and sprayed at three coordinated different 
timings by the split injection controller 35a. If the pri- 
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mary injection completion timing is judged to be later 
than the point of time corresponding to 35° after TDC of 
the compression stroke, the injection intermission inter- 
val At and/or the split number of the primary injection 
are reduced by the corrector 35c to advance the injec- 
tion completion timing. If such corrections are not suffi- 
cient yet, the fuel injection amount of the primary 
injection is reduced for correction to advance the injec- 
tion completion timing earlier than the point of time cor- 
responding to 35° after TDC of the compression stroke. 
This hinders deterioration of the burnt state of the fuel 
sprayed at a final phase of the primary injection, thereby 
preventing deterioration of fuel consumption and an 
increase of incompletely combusted gases. A change of 
an output torque resulting from a change of the injection 
mode can be avoided by performing the preliminary 
injection by the auxiliary injection controller 35d so as to 
respond to the reductive correction of the fuel injection 
amount. 

[0078] Since the primary injection splitting control is 
executed if necessary even if the preliminary injection is 
performed, fuel consumption and emissions can be 
reduced by an improved combustion by virtue of the 
split injections, and a turbosupercharging pressure can 
be quickly increased by increasing the exhaust gas 
energy if the engine 1 is in the accelerative operating 
condition, thereby improving an acceleration perform- 
ance. In other words, if the primary injection is split into 
three split injections while the engine 1 is in the acceler- 
ative operating condition, more fuel needs to be sprayed 
and the primary injection completion timing tends to 
delay with respect to the crank angle during the acceler- 
ative operating condition. Accordingly, the action and 
effects of the correction to advance the injection com- 
pletion timing as described above are particularly effec- 
tive in such a case. 

(Other Embodiments) 

[0079] The present invention embraces various 
other embodiments without being restricted to the fore- 
going embodiment. Specifically, although the fuel to be 
sprayed during the primary injection is split into three 
parts and sprayed at three coordinated different timings 
by the primary injection splitting control in the foregoing 
embodiment, the split number may be any one of 2 to 7. 
[0080] Further in the foregoing embodiment, the 
fuel is sprayed all at once during the primary injection 
when the engine 1 is in the usual operating condition. 
However, the present invention is not restricted thereto. 
The primary injection may be basically split into two or 
more parts, and the injection intermission interval At 
may be set in a range of 1 00 microseconds to 1 millisec- 
ond. For instance, if the primary injection is split into two 
parts, fuel consumption rate can be improved as a 
whole as shown in FIG. 7. In such a case, the exhaust 
gas energy can be increased by increasing at least one 
of the split number of the primary injection and the injec- 
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tion intermission interval At during the accelerative 
operating condition of the engine 1 . 
[0081] Although the primary injection completion 
timing is judged based on the fuel injection amount, the 
engine rotation speed and the common rail pressure in 5 
this embodiment, the present invention is not restricted 
thereto. For instance, if the engine 1 is in the accelera- 
tive operating condition and a rate of acceleration is 
larger than a predetermined value, the primary injection 
completion timing may be judged to be later than the io 
point of time corresponding to 35° after TDC of the com- 
pression stroke. In other words, in such a sharp acceler- 
ative operating condition, the engine is generally in a 
low operating condition, and the fuel injection amount 
has to be sharply increased despite a low fuel injection 15 
pressure. Accordingly, as a result of elongated valve 
opening period of the fuel injector 5, it can be judged 
that the injection completion timing is later than the point 
of time corresponding to the specified crank angle. 
Therefore, the injection completion timing can be easily 20 
judged by a simple construction. 

[0082] Further, although the split number and the 
injection intermission interval of the primary injection 
are shortened to advance the primary injection comple- 
tion timing in the foregoing embodiment, the present 25 
invention is not restricted thereto. In order to advance 
the injection completion timing, the valve opening 
period of the fuel injector 5 may be relatively shortened 
by forcibly increasing the common rail pressure during 
the injection to increase a fuel injection pressure. 30 
[0083] In the foregoing embodiment, moreover, it is 
judged based on the detection and the calculation 
whether a completion timing of the final split injection of 
the set primary injection is later than a point of time cor- 
responding to a specified crank angle, and the fuel 35 
injection mode correction is performed based on the 
judgment. However, it may be appreciated to store cor- 
rected fuel injection modes for advancing the injection 
completion timing for the case of the completion timing 
b ing later than a point of time corresponding to a spec- 40 
ified crank angle, for example, in a map storing the 
engine rotational speed and the target load in advance. 
[0084] As described above, an inventive fuel injec- 
tion control system for a diesel engine which has fuel 
injectors for directly spraying fuel into combustion 45 
chambers in cylinders of the engine, each fuel injector 
being controlled to spray the fuel at latest at a point of 
time near top dead center of a compression stroke of 
the corresponding cylinder. This control system com- 
prises a split injection controller for splitting a primary so 
injection of the fuel by each fuel injector near top dead 
center of the compression stroke of the cylinder into a 
plurality of split injections, one split injection being fol- 
lowed by the next split injection after an injection inter- 
mission interval which is a period lasting until the fuel 55 
injector is opened next following closing thereof; a 
judger for judging that a completion timing of the final 
split injection of the primary injection is later than a point 
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of time corresponding to a specified crank angle; and a 
corrector for correcting at least one of the number of 
split injections performed as the primary injection, the 
injection intermission interval and a fuel injection pres- 
sure so as to advance the injection completion timing 
when the judger judges that the primary injection com- 
pletion timing is later than the point of time correspond- 
ing to the specified crank angle. 

[0085] With this construction, when the primary 
injection of the fuel at a point of time near top dead 
center of the compression stroke of each cylinder is split 
into a plurality of split injections by the split injection 
controller while the engine is operated, the corrector 
corrects at least one of the number of split injections 
performed as the primary injection, the injection inter- 
mission interval and the fuel injection pressure so as to 
advance the injection completion timing if the judger 
judges that the completion timing of the final split injec- 
tion of the primary injection is later than the point of time 
corresponding to the specified crank angle. Thus, the 
injection of fuel at a point of time near top dead center of 
the compression stroke of each cylinder can be com- 
pleted at a proper timing, with the result that deteriora- 
tion of fuel consumption and an increase of 
incompletely burnt gases can be prevented. 
[0086] Preferably, the judger may be made to judge 
the injection completion timing based on an amount of 
fuel to be sprayed during the primary injection and an 
engine rotation speed. In other words, the opening 
period of the fuel injector is substantially proportional to 
the amount of fuel to be sprayed. If the opening period 
of the fuel injector is same, the more injection comple- 
tion timing is retarded, the higher the engine rotation 
speed. Therefore, the injection completion timing can 
be precisely judged based on the amount of fuel to be 
sprayed and the engine rotation speed. 
[0087] Preferably, a pressurized chamber may be 
provided for storing the fuel in a state of a high pressure 
equal to or exceeding the fuel injection pressure, and 
the judger makes a judgment on the injection comple- 
tion timing based on a pressure of the fuel in the pres- 
surized chamber. If the amount of fuel to be sprayed is 
same, the higher the pressure of the fuel in the pressu- 
rized chamber, the longer the opening period of the fuel 
injector. Thus, the injection completion timing can be 
more precisely judged based on the pressure of the 
fuel. 

[0088] Preferably, the specified crank angle for 
judging the injection completion timing may be made to 
be such a most retarded crank angle that the fuel 
sprayed up to a point of time corresponding to this crank 
angle can continue to be burnt with the previously 
sprayed fuel. If the primary injection completion timing is 
later than the point of time corresponding to the speci- 
fied crank angle, the combustion of the fuel sprayed 
after the point of time corresponding to this crank angle 
is considerably deteriorated. Therefore, the advance- 
ment of the primary injection completion timing is very 
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effective. 

[0089] Preferably, the judger may be made to judge 
that the completion timing of the primary injection is 
later than the point of time corresponding to the speci- 
fied crank angle when the engine is in an accelerative 
operating condition and a rate of acceleration is larger 
than a predetermined value. Specifically, in such an 
accelerative operating condition, the engine rotation 
speed is generally low, and the amount of fuel to be 
sprayed has to be sharply increased despite a low fuel 
injection pressure. This leads to a longer opening period 
of the fuel injector, with the result that it can be judged 
that the injection completion timing is later than the point 
of time corresponding to the specified crank angle. 
Therefore, the injection completion timing can be easily 
judged by a simple construction. 

[0090] Preferably, a turbosupercharger may be fur- 
ther provided for supercharging an intake air by an 
exhaust gas of the engine, and the split injection con- 
troller splits the primary injection into a larger number of 
split injections when the engine is in the accelerative 
operating condition than when it is in a usual operating 
condition. At this time, the injection intermission interval 
can be shortened. 

[0091] Thus, when the engine is in the accelerative 
operating condition, the split injection controller splitting 
the primary injection into a larger number of split injec- 
tions to increase an exhaust gas temperature and an 
exhaust gas pressure, thereby sharply increasing a 
supercharging pressure of the turbosupercharger and, 
therefore, improving an acceleration performance. On 
the other hand, since the primary injection completion 
timing is delayed to a larger degree with such a control, 
the correction to advance the injection completion tim- 
ing is particularly effective. 

[0092] Also, an inventive fuel injection control sys- 
tem for a diesel engine which has fuel injectors for 
directly spraying fuel into combustion chambers in cylin- 
ders of the engine, each fuel injector being controlled to 
spray the fuel at latest at a point of time near top dead 
center of a compression stroke of the corresponding 
cylinder. This control system comprises a split injection 
controller for splitting a primary injection of the fuel by 
each fuel injector near top dead center of the compres- 
sion stroke of the cylinder into a plurality of split injec- 
tions, one split injection being followed by the next split 
injection after an injection intermission interval which is 
a period lasting until the fuel injector is opened next fol- 
lowing closing thereof; a judger for judging that a com- 
pletion timing of the final split injection of the primary 
injection is later than a point of time corresponding to a 
specified crank angle; a corrector for reducing an 
amount of fuel to be sprayed during the primary injec- 
tion for correction when the judger judges that the pri- 
mary injection completion timing is later than the point 
©f time corresponding to the specified crank angle; and 
an auxiliary injection controller for causing the fuel injec- 
tors to perform an auxiliary injection of the fuel in 
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response to the correction of the correctorto reduce the 
amount of fuel to be sprayed. 

[0093] With this construction, when the primary 
injection of the fuel at a point of time near top dead 

5 center of the compression stroke of each cylinder is split 
into a plurality of split injections by the split injection 
controller while the engine is operated, the corrector 
reduces the amount of fuel to be sprayed during the pri- 
mary injection to advance the injection completion tim- 

w ing if the judger judges that the completion timing of the 
final split injection of the primary injection is later than 
the point of time corresponding to the specified crank 
angle. Thus, similar to the first aspect of the invention, 
deterioration of fuel consumption and an increase in 

15 incompletely combusted gases can be prevented. Fur- 
ther, since the fuel is auxiliarily sprayed by the auxiliary 
injection controller so as to respond to the correction to 
reduce the amount of fuel to be sprayed, an output 
torque will not fall. The auxiliary injection is preferably 

20 performed, for example, during an intake stroke or com- 
pression stroke of the cylinder. 

[0094] Preferably, the split injection controller may 
controllably split the primary injection into split injections 
even if the fuel is auxiliarily sprayed by the auxiliary 
25 injection controller. This improves the state of combus- 
tion by splitting the primary injection, thereby realizing 
an improvement in fuel consumption and a reduction in 
emissions. 

[0095] Preferably, a turbosupercharger may be fur- 
30 ther provided for supercharging an intake air by an 
exhaust gas of the engine, and the split injection con- 
troller splits the primary injection into a larger number of 
split injections when the engine is in an accelerative 
operating condition than when it is in a usual operating 
35 condition. With such a control, the acceleration perform- 
ance of the engine can be improved and the correction 
to advance the injection completion timing becomes 
particularly effective. 

40 Claims 

1. A fuel injection control system for a diesel engine 
which has a fuel injector (5) for directly spraying fuel 
into a combustion chamber (4) in a cylinder (2) of 
45 the engine (1), the fuel injector (5) being controlled 
to spray the fuel at least at a point of time near top 
dead center of a compression stroke of the cylinder 
(2), comprising: 

so a split injection controller (35a) for splitting a 

primary injection of the fuel by the fuel injector 
(5) near top dead center of the compression 
stroke of the cylinder (2) into a plurality of split 
injections, one split injection being followed by 

55 the next split injection after an injection inter- 

mission interval which is a period lasting until 
the fuel injector (5) is opened next following 
closing thereof; 
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a judger (35b) forjudging that a completion tim- 
ing of the final split injection of the primary 
injection is later than a point of time corre- 
sponding to a specified crank angle; and 
a corrector (35c) for correcting a mode of the 
fuel injection by the split injection controller 
(35a) when the judger (35b) judges that the pri- 
mary injection completion timing is later than 
the point of time corresponding to the specified 
crank angle. 

. The fuel injection control system according to claim 
1 , wherein the corrector (35c) corrects the mode of 
the fuel injection by correcting at least one of the 
number of split injections performed as the primary 
injection, the injection intermission interval and a 
fuel injection pressure so as to advance the injec- 
tion completion timing. 

The fuel injection control system according to claim 
1 , wherein the judger (35b) judges the injection 
completion timing based on an amount of fuel to be 
sprayed during the primary injection and an engine 
rotation speed. 

The fuel injection control system according to claim 
3, further comprising a pressurized chamber (6) for 
storing the fuel in a state of a high pressure equal to 
or exceeding the fuel injection pressure, wherein 
the judger (35b) makes a judgment on the injection 
completion timing based on a pressure of the fuel in 
the pressurized chamber (6). 

The fuel injection control system according to claim 
1 , wherein the specified crank angle forjudging the 
injection completion timing is such a most retarded 
crank angle that the fuel sprayed up to a point of 
time corresponding to the crank angle can continue 
to be burnt with the previously sprayed fuel. 
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1, wherein the corrector (35c) corrects the mode of 
the fuel injection by reducing an amount of fuel to 
be sprayed during the primary injection, and 
wherein an auxiliary injection controller (35d) is pro- 
vided for causing the fuel injector (5) to perform an 
auxiliary injection of the fuel in response to the cor- 
rection of the corrector (35c) to reduce the amount 
of fuel to be sprayed. 

The fuel injection control system according to claim 
8, wherein the split injection controller (35a) control- 
lably splits the primary injection into split injections 
even if the fuel is auxiliarily sprayed by the auxiliary 
injection controller (35d). 



10. The fuel injection control system according to claim 
8, further comprising a turbosupercharger (25) for 
supercharging an intake air by an exhaust gas of 
the engine (1), wherein the split injection controller 
(35a) splits the primary injection into a larger 
number of split injections when the engine (1) is in 
an accelerative operating condition than when it is 
in a usual operating condition. 
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The fuel injection control system according to claim 
1 1 . wherein the judger (35b) judges that the comple- 
tion timing of the primary injection is later than the 
point of time corresponding to the specified crank 
angle when the engine (1) is in an accelerative 
operating condition and a rate of acceleration is 
larger than a predetermined value. 
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7. The fuel injection control system according to claim 

6, further comprising a turbosupercharger (25) for so 
supercharging an intake air by an exhaust gas of 
the engine (1), wherein the split injection controller 
(35a) splits the primary injection into a larger 
number of split injections when the engine (1) is in 
the accelerative operating condition than when it is 55 
in a usual operating condition. 

8. The fuel injection control system according to claim 
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